PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 10-326943 
(43)Date of publication of application : 08.12.1998 



(5 Dint CI H01S 3/18 

w " IntUL H01L 33/00 



(21) Application number : 09-285404 (71)Applicant : NICHIA CHEM IND LTD 

(22) Date of filing : 1 7.1 0.1 997 (72)Inventor : NAGAHAMA SHINICHI 

NAKAMURA SHUJI 



(30)Priority 
Priority number 



09 72540 Priority date : 26.03.1 997 Priority country : JP 



(54) NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the life of a laser 
element, by providing a second layer consisting of a nitride 
semiconductor where no p-type impurity is doped or a p-type 
impurity concentration is smaller than that of the first layer. 
SOLUTION: A first buffer layer 2 is provided to relax the lattice 
mismatching between a substrate and a nitride semiconductor 
and is grown at a lower temperature than the second buffer 
layer 2\ The second buffer layer 2' is formed by a nitride 
semiconductor where no n-type impurity is doped or a nitride 
semiconductor where an n-type impurity concentration is 
smaller than that of an n-side contact layer 3. The layer 2 ? is 
formed at a higher temperature than the first buffer layer 2. The 
layer operates as a second buffer layer for growing the n-side 
contact layer 3 that operates as a contact layer, not as a 
contact layer where a negative electrode 22 is formed. 
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Set 0 ^afcWMM** 0 2 VMZG?* 

[»*«3] SB**, P £*ttft#F-:/*nfc8 
<fcW»ft£9&£3U©Jli:©fai^ pffl^ttfttfK 

hj; o ^b^mm^mw^ *> 2 ©ji*s u 

¥*(**D*33B3©Jii:©IBfc» nSFfWWK-^ 
01*414] IWBSttJK* ^s^fcfrtrSfl* 

71s 3 ©rt©v^rnfr 1 JStcKKoaft;*****? • 

[ffl#«5] *fiEaii©Hi:flI2©«i:©lfflfc* Stt 
©Jf £ D F*+ ^x^;^-tf^«^\ pS* 

«^tra{b**sw*«fc 0*5^5 <Dm*%? zztzft 
»** 1 *fc»4 3 icBftoaftttW**?- 

2 * fctt 3 KBKOafklfcWfl*?. 
[fgiE©i¥$8!ftiftlE] 
[0 0 0 1] 

[aSLk©*JJB#»] *IWBI*5Bt^*- F (L E 40 
D) , U— >W*-F (LD) SSOfBtt*?, 

Ga,-»-Y N> 0<X, 0<Y, X+Y< 1 ) *?KBf 

So 

[000 2] 

[&*©&ffi] afc«J*»fttt*W«*ftLED, »G» 
feLED©ttt*i:LT, 7;l/*5-LEDf i WX-/P 
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5g (S QW : Single-Quantua- Well) © I n G a N«fc 0 

fe, »&*©»«« I n G a NigttJf© I nffiJ«Jt*« 

[0 0 0 3] $fc, *aj«Att» KfitOtm«l^T 
/^;l/^m«tKtJV^T, S?ST'©4 1 0 nm©U— 
*ft«Lfc Appl.Phys.Lett., Vol.69. No.l 

0 2Sep. 1996, p.1477-1479) . COU— 9*ftt*7 
r ^7AiSit, nSMftttSWMK ^Jf. P§«a 

{b«**«i*«K:»«* n, *© P sate****** 

0 mtf / WxWft i fi s » /WXHH! l 

ms , 7* 3 —r>f-tk0. 1 %) T\ Httttffi 1 8 7 m 
A, BMM«E«S3 k A /cm 2 fcfct^T, 4 1 0 nm© 

[0 0 0 4] 

K*nfcfc»» DVD, #77-f><HM*. 

x/W7.©iimw*ji**^*^''^= LfrL&tf 
{b£«*fcSo-r^&v\, 

[0 0 0 5] *OWiO-OlC*f#»OlBWI t **. 

#0. m s»ffi©®8*s®ifl£©&fc> *- 

TctfK *©*&?fcR©»H:fl!W>G a A s , I n G a A 1 
P, G a A 1 A s«0«fiKtt^Tffiav^K*V\ tt, 

©tt, |g B B B gtt*Mfe©*mKtt^T, *{tSHlcJtLT 

[0 0 0 6] ^t, *^©§Wi:-r5iic5tti:c: 

H©a<b ! t^*#^T ; >'WX©#^ : S:lR]±^^^- fi^tt 

^H^. U— f^?©^ : S:^-t^'* ?>iIi:tc ^^ 0 
[0 0 0 7^ 

l ©Bit) fe/jN«^a{b%^(*«k ^ a?.^ 2 ©S«:W 
1-5C4:*«fafcfS. ^^2©H©p^»i ; T ; 
WMWRt *oT, pSPWHWMKflB l ©Si 5 
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LTliMg, Zn, Cd, Be, B a©*-5KflJHl»* 

[ o o o 8 ] si 2 <DMmm&m t , n f- 

S4©Ji©ng* 

it£lc, *30Jlfr60lt»KJ:t»T*30Jffcnfi^ 

JFHttfcUTtt, W*.tfS U Ge, Sn, C, Ti© 2( 
J: 3 fcJS»H**SI! I VSHtc***^* c fctf 

[0 0 0 9] ^3<DWmt. Sttlfc* plWH 

BgtfSg l ©B* K> fc/Jv£^*ft»¥»#J:0&** 2 
snfcS{fc»4^*&*st&3©Jii:©iHK* nffp 
tf83©BJ:0Mv£^8ft^»fc*9* sa4<D,i 2 

[0 0 l 03 *5SWOSB 1 ©»*» SS2©«»» st>s 

W. Single-Quantura-Well) , gL<tt£MS?#F$ 
jg (MQW : Hulti-Quantum-Well)T»fe5t t^lttaf; 

[ 0 0 1 1 ] * fc, *»!«©* 1 ?£ 3 ®* 

K-^*n/tiHP0. 5 jimUT©7;l/5x7i>*^tf 
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[0 0 12] *mi<D%l<0%6M> RtfSB3©»«K» 

ttt, s^fii*©^***^*****^ 1 ^ 

<tt7 0*>^ho-AWT, «t>»*b<«4 0* 
ha-AWT, 1 O^-^Xba-AfcUiKiHSi 

,Ga,-» N (0<X£1) tLX. ?-7?©B*A 1 » 
Ga,-, N (0£Y<K X>Y) glXBI n.G aw N 
(0<Z^l) k-T*ci:#a*t^. 4*3, *WM9 
ICfc^TjjVT I n«Ga,-« N, A 1 » G a.-« N^©-8§ 

^icsfb^^ft©^^^^ 1 ^^ 

^J^.ks45S^|5]-©-^^$tlT^Tt., *ft 

[0013] m2<Dmm.xs%3<Dmmzis^x, S3 

©«tf7;i/5x*i»*frtrSfb«¥*^*S*3ffl* 

#^to*i:bTtt-*OJi*A liGaw N (0<X^ 
1) fcLT, *>5-£©B£A ltGan N (0<Y< 
1, X>Y) gb<til 11:0 3.-! N (O^Z^l) tt 

[0 0 14] 

[$p,E©#lfffi©M ^ l fc*f8E0Sfc«#»fl*f 

i ii-eji6 : f*«wtftiso«Jfi*^tt.o-e»s. 

[0 0 15] Slfilfctt. 7^7 CBi© 

fft, Rffi, AiB*ilBk"r**7T-Y7» *©«&> 
*;KMgA1.0.) ©±3fct6*tt©S«W3flk S i 
C (6H, 4H, 3C*StT) , SI, ZnO, GaN 

m<D¥mw&&*% V % * C. t &X 1 5 o 

[00 16] (|HC0/^77li2) 

(a#« 300 °cw±, 900 rwT) -c-fiKfi^n, 

0 0. 5fimm »*b<tt0. lMmWTOlWP^ 
S^n^o WlO/W7rJiH:A IN, GaN, A 1 G 

[00 17] (m2C0/^y77«2' ) »2<0/^77 
12' ttnfi^lttWK-^nT^ftV^ {J-XT, 
ft^]s-7*^nTV^^«fi8*7>K-7' (undope) t 
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AH t ft 3 n fill 3 y * V M 3 ** M m «±<0« 
f&©Htf3l*«Ki: fcfcftoT8*tt©i*i-t<fiM>* 10 

1ttMEtf*«V\ &|Mt©a^2<DA>y7 7H2' % 
j&fiS-ari.cklci'K *+y7«K*fcfc*<«Sfttt© 
a^nUsy** hJi 3 * 
2(0Ay7rl2* ©HlPliO. l(imW±, 
SL<BO. 5fima±, «t»*U<ttl |tmW-t> 
2 0 fimWTeHttrSilfctfSSL^. * 1 

3>** Hi3<0|gftttOlSil±* , **5a«)*V'»ttlSlK 20 
365. i:fc20/im£D£>JfV^ £2©'W7rJi 

fg2©/W77H2' tT, fifc 

j»tt©ia±tf*tf&ft*. t> w-**F*fWLfc 

2©A-y7 7H2' ©HrtT'KtfoT, fcHJBfciS^b 
— •fftjtfit J M-<&3. ft*\ *W»JC*^T75'F- 
7k^oT£>. BlfiifXf 

7>F— 7*^^30 

[00 18] (nffl3^ni3) nfflSl^y^^hl 
3 tt n S^ttft* F-7*bfc I n i A 1 r G a ,-i-y N 
(0£X, O^Y, X+Y<1) tMIMSU *©fflJ«ttftfc 

YffitfO. UXTOAltGai-T Ni:-f3£ftWi2 2 

1 x 1 o" /cin 3 ~ 1 x 1 0" /cm 3 CQfSH. 4 
b< tt> 1X10"/ci~1X10" /cm 3 KHttTS 
cfctfSKU*. i x l o" /ci'iHd^^fcnt 
Wfii^U^-vv^'i^^ <ft3© 

X 1 0* /cm 3 H»a#OU-f«» 

f(Wfli<ft*«lfill!:»*. ft*\ n«H3>^^F«30 
)i)i^i^2^0/ < :■y7 7'J■2 , iOtif <»f£<lktf 
a*U\ n«|3y**h*3tt0. 2/imW±. 4 fi 
mUTlcHg-rSilfc^ilSU^ 0. 2/imiDt.i ! 
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IflnGaN/InGaN (fib I nJH&Jt&gft 
& 0 ) % InGaN/GaN, InGaN/AlGa 
N, A 1 GaN/GaN«Ofi»dfo*K**iB*?* 
jfiitTfefiK ft*> nW3>**Ui3«S«lfc 

7rlkbT^ffl1"5o 

[0 0 19] (^7^S5lJ:i4) t7vtm±m4it 
I n n gJ©g{fc^¥8ltt, »SK8InGaN 

{ML l fcatrSftto^SttJB+fc*^**^ 

0 0*yWbn-LWL 0. 5jimWT©BWTia 
fi£-eSi:i:tf#$b</\ ioo*yy*Xba-LJ:^ 
tfl^i:ME<OJ;5^^7-y^B6±kbT{tfflbK< 
<U 0. 5,imJ:9*>jSV^ «fte#*JlHEt*«fil 
icfe5 0 ft*, <:©*7y*l*±«4ti:jS£*8u 

7^K-7*T*t.av\ nfi^«ft««tt5x 1 0 /cm 
3 ~1 X 1 0" /cm 3 ©ISBL S5K#$b<a\ 1 X 1 
0" /cm'-l X10" /mizWmtZZtmZL 

[0 0 2 0] (ntl^'V FH5=!f!3©H) nW*"? 
. y H JB 5 fi* + U r ffl b&*H. RXfftffl K&tbMt b 

a7EB«Lfc±3t, A 1 *^fl**fWJ« 
-f £iSte?1if3£ k I" 5 o n fKftKftfifttt 5X10 / 
cm 3 ~ 1 x 1 0 2 ' /cm 3 ©S5H> * b< tt» 1 x 

1 0" /cm 3 ~l X 1 0" /cm'tcHM-Ti-ilil^aSb 

D [00 2 1] n«l^5vKJi5««#f«Bfii:t** 

^«y7 , x*;l/4 I -)b^fto"C^Tfe, R-Tt.*»*t>* 

,Ga.-. N (0<X<1) (BS) * 

AlrGaw N (0<Y^1) Bl©^ 
y <y yx*^P-3Wftf AH J: 0 fc** < ft 
Al^In.Ga,-, N (0<X^1) T«U B 

■« i m a i h n (o <z^ i ) vm^rm. ah 
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(0<Y£l) "CflWiU Bl*I nzA 1« N (0<Z 
^ l ) T-m&fWX » WWfc A 1 i: B S i: ttffljS^Sft 
5tfA> F#+ -V 7x*/Mr-tfn-0»* 

fflMttA i**tr»bWW^**brv*i 

©BW«l 0 0*>^XhP-AWT» «&E#*b< 
*IBFMlU:4>K*b4!K m*KWP*t7vi>* 

[0 0 2 2] ffl*?»*«MW*Al* B@<D 

¥'mfo®¥t%^y F4*-v v 7x*;l/4 ; - ; fc?£'&B£ D & 
5 MWTSCfcflW*^ »*b<»4 
-SOMImCan N (0<X<1) bU t>3- 
3J(Di4AI.Ga H N (0<Y£l) X'®&?%Zt 

\zxk>. isatt© <t «/ * c * # T * * 30 

So $fc> A 1 G a Ntt«BJ«S*fc* 9? 

ffsu bwc*?* zvrc&m 

mmzttm b T * 7 y f ©4irMH*?*»J*-e* * 

©T\ *gfltttfft<*^ «TO#«* , ft±"«"*- ^ n 
tSfc-^OJi% I ni G aw N (O^X^l) bU 
fe 5-^OJi*AliGa« N (0<Y^1) , bbfc 40 
iI£©fiJ£T';fcSo 

[0023] s&c»^*****Mfc*tf^K* 

*\ %tz\W F*+ v 7x*/l/*-©'M KH*7y 

Y-ytLx. /of*+ »j-7x.*fr¥-<o*z*tt 

Tb-'^fvMSlRlfc&So 
[002 4] C0nfll*7-yFH©A«kB» 50 
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fcOnlPFWttftJWJIft*. tniiv**4«iH- 
^•fcifHrnS«»<OT% -^©JiOnffl^lHMME*** 
< »*b<«^*l**l'-^b4^«« (7>F- 
70 bbT, t,3-***W«=F-TY*i:» MM 
E> VfWST*F**£ 

*ofiv«a»?l+K#«E**«ci:tJ:0, *© 
Jf ©&»gtf *2 < 4 5 , * fc^WWME****^* 

HIE. VfflMSTrsWt*** 1 *'- 
[0 0 2 5] Ay K¥*y7x*;V#-©**4Sfc* 

tort Y-^nra^y * v^aft»¥*(* 

ftfc ;^ F** -y^jbVMV^7> F-^©^bfe*# 

mi-fi^ft'^y F^-V •vT'fD/J^^iltCT't S«0T% n 
?A^fifT -5 b t K^RttlWc «fc *ia«5B* *V^fcJ6, 

< 4 1> « aawsHttTr*. 

443 pMO^IH F-7'fcra«fcr&raE?l#*©R»fc 
J:Sb*«*n*. *fep«©^ AlGaNtiGa 
NKJt«bTlSfii*^*V % . *C-eA 1 G a NfD^lC p 

< F-7-r « £ b t * ») sas#<MSTr s 
mm^m<Dmm^nmms.Tt^<oxm=? 

*^«bfc«^E, BB««MttT-r*«^^**b«l** 
[0026]-^,^ F*+ yx*;l/*-©'J^ 4 



Sft:»^»{*JBK:aiRKK^« ! »*F-^ , bfc»&. W 
TO* 5 4^ffl^*5 b«ai*n5. «*«A 1 GaN 
«bG aNWcMg*ra»TF-7Xfc*£, AlGa 
NlT'liMg<D7^-t^-^^^^ t< ^ Stt 

«ttA 1 G a NllCtfc^TS<> Mg©Stt{k*tt« 
V> 0 MAtfMg* 1 X 1 0* /on' F-^bTtC a N 

T-tii x i o" /ci 3 gS©*^'J7?ifi-es5otw 

L A!GaNt(ilXl0" An. 3 gg©*^ 'J 7S 

al*>#e>n4^o ^ct% *wbth:a i g 3 n/g 

a N hX-im^t b. U 7«»W»&tl*G a N 

7lS©S ; l ! S?^?>tl5t©T*S?)o b^tffltt^b 
'>)!l:V^A 1 GaNJB%»»f5fc». *RWK*+U7 
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ttA 1 G a N*©ftJBtt**f, A 1 G a Nltt'OF 
**y7x*rt/#-©«v^5'y FJifcLTfftrT*. 

[0027] Ftf+^x^/Mf-tffcfci^SftA 

H-^lfcLTfi, lxio" /cm'-l xl0 ! '/c 
■\ 35fc:ff*L<ttl x 1 0" /cm 3 ~5x 1 0 /c 
m 3 CDtEBKMS-f 3. 1X10" /cm 3 «fc 0 t>'>£t<> 

£<Dm u P%< ft^T, IJ 7W*©**^atf*& 
tt 1 / 1 OfcU^fc^tfa* t< «7 

>F-^i:-rst»fe^«)^i«^B*M#e>n?»AV H 

B1X1 0" /ciMTtf3*U\i nl^ftttt 
liSK Ge, Se, S, 0«©HJH»aSBIVB«, VI 
B 8176**8* U »St<ttSi. Ge, SfcnSPF 

OV^SE^fctf. F#* «y7x*rt/=f-tf*t^g 
{bWW&lk^ v 7x*;l/^-tf'h£v>g{fc 

[00 28] (n«WFI6=^4 0i) 

Fl 6 tt, %m<0%1M HI L-Tftffl U SttJi 7 

Fl 5 «fc 9 F#+ * ^xiM^-O'hS^Sft* 
*»(ttlU«WlU tf£L<tt] n«Ga,-x N (0^X 
< 1 ) tf^fiKf S. n FJf 6 ttJiS 100*y 

y xhP -A~5,im, ^C»lC»SL<tt2 oo*y^ 

-7L%^7>\ : -'7<Om£?Z>o 7>F-70«tt* 
MM% F-7L-fcBKJ±8LT, IS**»«*4 < 
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k&S. S&fc«fcWMWW>7>F-:/©Jitt» ^tt 

WSSttlORJW, ttk/uHfaiRtti-ft^^-y FIT* 
HUiiftsnT, co3t^Fi-e»iR«n-fK9»« 

ftSfcft«mre3a&r*. COnfBtt«-f F16»7 

[00 2 9] (S14B7) S1±B7tt, I n*^trS<b 
*5#F1**"T5SQW, £L<ttMQ 
Wtt5. #F«tt0IJx.tt*I n«Ga.-« N (0<X< 

1) -emj8.t&z.t&£*^o npmnftZL^ffl^ 

(±l0 0*>^bn-A^ $5,lc»SL<tt7 0 
ty^Fn-AWT> *fe»*U<tt£0*>^F 
D-ittTMRTi. MQWT'tt, #pjf ©HJSiEB 
ttSQW©Ji^i:PICT*fe5A\ HlfiJIttftpJIiOt 
/Vy F*+ v 7x*;l/#-tf *#^S{t«^*l*> W*. 
ff I n.Ga., N (0^Y<1, X>Y) gt<tt, A 1. 
Can N (0<a<l) T«1-5Ct^SSU\ » 
SJiO»SLV^BWttl 5 0*>^ Fa-ZJ-XT, S 
&K»*t<ttl 0 0*y^ba-AWT, SfeffS 
U<tt7 0*y^Ha-^WTKiBW*. 4^ * 
58B©jR?*LED£affi , r*#&* Vf (JR&IrI* 
JE) *fiT«*Sfc*Ktt- }S1tBttSQWA\ €b< 
tt#P Btf 5 WT © M Q WK 1 5 C k b V\ S 
}g14gC^14j*F-r-r5^Ktt, »Pl> PMW 

[0 0 3 0] (pi!l* J i-y7 P «8=m5©«) pil*^ 
pfHfttfW FS9 «fct) F** v7*Zb#-ft± 

%^mim*m#mz> o. ljimWT, 

<tt5 0 0*y^ho-AWT. «t»^L<tt3 0 
7»y ^A^XO^-T < ^ B B B 14©a^g{b^«^S 

0 fls »$L<ttAl»Ga,-v N (0<Y^1) T« 
U WAtt, IWO. 2W±OA l»Ga,-, NT'fetl 
tf5 0 0*>^l-n-i*WTKIW*"*cJ:««a*b 

*<° 1 o^y^XFa-MX±©R)?T^-rsc:i:^ 
aibt/\ ccDpS* J r-V/B^H-7'1-S^ ! f%lttp 

F -yt-c*+u7tfffli«*nfciSktTta<, * 
F-ytfcpS^^k-rs. 

50 [00 3 1] (p«*/f-rFa9=*20l) p««» 
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A Fl 9 « n Fl 6 t n U < » SttlO*^ 

L<tiInxGa.-x N (0 ^X< 1 ) tf^Jfif*. 
< p«|)t^K»9t»ailtl 
urn, S6C»*L<tt200*>yxhn-A~l |i 

F»9«7>'F-:7©«i:1" ; 5. p«3t^HH9*7 

< g a B 9 »m^i^S"P*50T% C ©7 ^ F- 
^«<D±l;:^ft$^« p«*7V FB l o<DISBtt*& 
<-r5„ £&fcffiffll©«fttf£©ft2H'F»"T?»«KS 

W FB 9 tt7> F-7©Jf U,^>\ pfl!l*5 

•y FJf 1 0 , p HI* + -y 7» 8 & P M^Vm 

[0 03 2] (pffl!l*5-y FBI 0=!gl©B) pffltf* 
7-yFSlOt. n«^5yH15tni:<. *+ , J7 r 
KU&ftB, RtfJtHCiiftJi^tTffffiU pSR*! 20 
m F-7 Lfc'>fc< fcfc A 1 ^t^t^SftBT- 

tc, A l fc^ty^tf&^ftlfc^S&te^ 5 !* 1 " 

5„ pSWMWMCtt 1 X 1 0" /cm 3 ~5X10 /c 
m 3 ©$5B x SSK#$L<tt* 1X10 /cm~5X 
1 0 2 " /cm J KHS1--5(li:^af U\, p«*5fH 
§ 1 04W)IS 1 0 0ty^M3-Att±, 2/i 
mfitT, ?5»tc« : $b<li5 0 0*>'^XhP-i,W 

[0033] P ii^7-y fii omm^mtt^m 30 



i££tyg{fc^¥^{*B£«LT^ntf&<^ **** 

iffi?m**&t*&*w&*^v** a 100* 

± 4 0*>^ha-^WT©*HKBIS-r*. 40 

[o o 3 4i s & att?i**M"r**fl**»* 

My v ^x^/l^-fcSttB* •? < * 
5fciwr*z:i:*«a*i^. »£b<«-£©B*i 

n,Ca,-« N (OSXSl) fcU fc9-£©«*Al« 
Ga „ N (0<YSl) T«-T5Cilli:J;0, «fttt 

[0 0 3 5] pf'J^-y Fll 7©iffl& : ?B©ABi:B 
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x*n/*-©*tfc£<M*)¥S<*B©;fr© pfi*K1tti 
Aym'yyi^-^'H^P 

*©jrefcfiv\ oisOAyF^-vT'x*^-©* 

[0 0 3 6] ;^F^ry7-i^-^t41M 
imHMi^OffS L^F-^«tLTl± 1X10 /a 
3 ~5X10 2 ' /a, iBCfftUttlxlO/a 
3 ~ 5 x 1 0 a /cm' ©fgBlCfUfl-f So 1X10 /cm 
3 «fc K) t'pitvt. ftUK^y y^x*;^-© 
/h££§{t^¥«ttB£©Mtf / >&<&^ EfcK* 

5x10" /cm J:>>t»£v^ ttSttfflKftSttfil 

«¥*«■© p m^wmm^y v 7x*;i/# 
-©*t&g{fc^¥»ttB£Ofc'>&tffttf&<> »* 

L < tt 1 / 1 0 tt±4>4Vtf tfB* LV>„ mm* t < 

*©Wi l x l o" /o'UTtflS tv\ pSPFH* 
i:LTliMg> Zn, Ca, B e<JO«»f>««"A 
fik IIB«S«*«RU »*t<BMg, Caf*p 

[0037] s&e*fc««ff*«jat*ait**»» 

AtfnS^JfiftttTS lSK-^bfcA 1 GaNt, 
7 yY--f<DG aHmtX-m^-M^B^Lkm^ A 
1 GaNtiS 1*F-^UTV^©TK7— fcbT«? 

;^H*f^X*^-O^^A 1 G aNCf 



ft. 



13 



i ) Lfr^AlGaNl 

fl^tt**i | iRi±T*o"p**. ttstteraastf, p 

MX F4"+ >y T'xilul/^-O/hSfcSfkWI'SMfcBk' n 

'fctsckfeT?**. 4>&<i:*.p*»fc 
[0038] *^<D=t5£> a^igottps^-r 

%¥#&£Dftspiai*^7'jf 8*isw\ *© P fl!i* 

■fm 8 «fc K> K*+ -y 7x*;l/4*-**'h;*v\ 7 > 
F-7"<0 pflfcfctH' HI 9 *© pA^MM" 

Dt/^y F#* «y77)***^{b«?l¥8tts L < li 
A 1 ^tygftlWWtt^tyiSte?^*^ 5 P w 

P ffl!l*-vy7°Jf 8©HJP*0. 1 fimJ-XTiijf <^£L 
T, ^fc/^F4*+v7x*;l/#-***<LT&* 

[003 9] (piny^^HH) plll^y^fb 
HI WipSOI niA ltGa'i-H N (0^X, 0^ 
Y, X+Y<1) -efllja-rSCfc^Tfif, ffSKBMg 
^F-AftGaN, =gL<ttMg*F-7XfcYfiH>* 
0 . 1 WTO A 1 r G a h N fcfntf » IE*® 2 0 40 

l2 0<DHJ¥«5 0 0^yyxFP-i,WT> 2<bK& 
S L<«3 0 0*yy^Fn-ixWT, at»* b<tt 
2 0 O^X^ha-^UTKBfif SCfc^aSb 

i\, gjn^iS^p^^k^^B^* 
*5 0 0*>itthP-£WTfci«**£fcfcJ:»), 

iiopiiny^^FSi i*»<rsj»*ttt. *©* so 



( 8 ) ftfflPF 1 0-3 2 6 9 4 3 
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SfrCfctffc*. W*tf» P^A 1 G aNJ:!>ftSp«l 
^7'yFSlc, «JW«5 0 0*y^bo-i»J:0W^ 
pSG aNi^^^pW^^^^FS^LT^^n 

FB©I1JP*5 0 OJj-V^Xha-L, J: 

^7-y FSffla<D*-v'J7A^y^^ FJUlHc&i&L 
JS»V<*oT % pia^fHO*lr l J7llttf*< 
ftSMlpjK&S. *©£&IE«i2 0*«f3p{ll:i 

5 -y * ft^sn^o 

[00 4 0] 

So ttT©*««ttMOVPECJ:*tO"e*** , *W 
WVmTimO V P E fcttt'lifc < . WAtf M B E (# 
?S§B?vffl$*£) \ H V P E (A7-f K«ffiJ»fift) 

[00 4 1] [gfltfll] ^77^7 (Cffi) -fcDfc* 

gstfc^ SfioiBS* i o 5 ox: 

[0 0 4 2] (JBlO/<v77Ji2) »V^T» H**5 
1 OtST-Ttf, **U7if^lC**» JgifStfjX^y 

1 ICG a Nit) fc5/W77H 2**52 0 0*^*7. 
F n-AOltJri"J*S«-*i So 

[00 4 3] (^20A777l2' ) /Vy77g2jS 
5& TMG<D#it#)Ts iS®*l 0 5 0T:*T-±#2 

1 0 5 0trto P., nC<«ft»XtTM 
G, 7>*-7JffX*ffll/\ 7>F-7*©GaN£4/i 

[00 4 4] (nilny^^FS3) it^T, WW* 
T M G v 7V^X7, *m®1SX£L?i'?>l3XZ 
m\ S 1*1 X 1 0" /cm 3 F-7LfcnSGaNJ; 

[0 0 4 5] (*7'y*B6ltJl4) «K, iaft*8 0 0 
"CICLT, ISSjifXlCTMG, TMI (h'J^^;l"f> 
->*^7A) , 7^7, 5/5>Jff^*fflV\ S i*l x 
1 o" /cm 3 F-7LfcI nO.lG a0.9N<tt)^?>^v 
>y ^7K±S 4*500*>^7F P-AO^JPT'figfi* 

[0 0 4 6] (ni77«;F15) 5J?lcS«* 1 0 50 
"CICLT, j&8#XlcTMA (FU^^7;b^-7 
A) , TMG, NHi> S i Hi*fflV\ S i*l X 1 0 
" /cB » F-7tfenHA 10.20G a0.80N«t»)*SA 
S*2 0*y^7FD-At, S 1*1 x 1 0" /cm 3 
K-7'LfcnSiGaN±»)4*B**2 0*>^H3 
-AfiKS^-^^o * tTil<D^7* 1 2 5@BRfi««» 



0) 
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mmo. 5fim (5 0 0 0*^XH=-A) ©fflfc 

[0 0 4 7] (nflMMH' KB 6) 3F*WW**±», 
1 o 5 OtX'TyV-yG a JMJ:!3 4*n«3t*-< KB 
6*0. 2 /tmcO^liT'fiicS^^So 

[0 0 4 8] 0S14B7) *C Bft*r*lCTMG, T 
MI yy^-T, ^y#X*ffl^Tj£14B7*J&B 
W*. 8StW7ttJB«*8 0 0lCk:««bT, Sf S 

1*8X10" /« "eF-^bfcl n0.2Ga0.8NJ: 

T% S i*8x 1 0" /cm 3 F-7bfcI n0.0lGa0.9 
5N * 0 **PSSJi* 5 0 *y>?7> h D-i,(Dlft*fiK. 

as**. c©akff*2@ti*)su *&£#fb*» 

[0 0 4 9] (piirt'^i8) ^10 5 

0*CK:±tf* TMG, TMA, 7^-7, Cp2Mg 
(S/^O^^XXJl/V^^-M Mg* 
1 x 1 0" /cm 3 K-^bfcpfiA 10.lGaO.9NJ:*) 
*5pfl|*^y^«8*3 0 0*>^hO-AOllW 2( 

[0 0 5 0] (p«M*M FB9) *tt*MJX*lfc«>, 
1 0 5 0°CT\ 7yF-7 p G aNJ:D4*p«l*^H 
B 9 * 0 . 2 \l m©l!)PTESc;B£-£ 5» 
[0 0 5 1] (pffiO^^ y FBI 0) W^Tl 0 5 OX: 
T% Mg*l XI 0* /cm 3 F-7bfcpMA 10.20G 
a0.80NJ:0«:*AJi%2 0*>^Fn-i»fc, Mg 
«1 x 1 o" /cm 3 F-rLfcpi!GaNJ:9**BB 
t2 0*>WhD-iJtt««. *LT<I<D^7* 
1 2 50*««*» WOT0- 5|im (5 0 0 0*yf J 
Xha-A) p«* 9 v FBI 0*fiKfi 

[0 0 52] (pllavWUlDISfc.Pf* 
7vKI10O±^ 1050fPMg*lxiO / 
cm' F-^UfepfiGaNJcOftSptlay**^ 1 
1*1 5 0*y^hn-i©IIWe*****« 

[0 0 5 3] EJ5»7& ilK**a*T?T»f. *6K 
surname fx-^SBfiMflfc**^, 700 
x:t , 7 -_ij y^«frv\ pSB£S 6lcffi«Rflrt' 

So 

[0 0 5 4] 7--U>m >>i-/NtB58»6 
BtDHiU R I E SB-ex -yf-v^ifrvv Hi fcwf 
J:3lcB±B©p«3:/*i'FBi It, P«^yF 
ilO^X7f>'^U> 4/im<DXFv-f71f : £W 

? 5 u v s>x f 9>r 7*^fi£t § 0 u * s>* h ? 7 7* 

jg«"T5IRtt, h^Tta©*^*^'*'*"* 
ft«ffi2 2fc«i£bT^S«fc5WB»1-**» 'Jy^*F 
7Wy*«ja-rs«^, t3KSttBJ:!>t»±fcfc*A I 
*^ty P S!3<ttt¥»f*BW±©B* 'J v WBfctt* 
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3«t«KJ:3lc, «s»tt»**ffiffltfc«^K«» U-y 

[0 0 5 5] *IC, U'y>"Xh7^^0iB^> ^ L 
TvSpfflH^^-y FBI ocSflBfcfc"****^^ 
I^U< R 1 ETX-y^^fri'V HlK3**"*3fcft 
«S2 2*^-r'<tnftlJn>^^bB3 0^ffi*Mlll 
S-SS. SBBIH& Hlfc*1"*3E» «±Btcfe?. 

□ ilny^^hBi lflDU-y^XF^-T^oB-tB^S 

n i/Auj^ftsmit^o*, soo^yyx 

b n- AcDiIjrc-JgfiETSo 

[0 0 5 6] jt»aw«*ftn«ay*fn 

33H5fc, T i £A 1 e t'3^Sm*@2 2*'J-yv 7 Xb 
•7^y^¥tT^0. 5 jim©Kff"t?^fiE't5o ftfcx n 
(Bay** hB3fcff*b^*-5'y 
«S2 2<D*mi:LTfi. A K T i> W< Cu> Z ru 

) So 

[0 0 5 7] IE*@2 0Rtfft«S2 2*^fi£b 

ttSfe&IIl 2*0. 5 ftmOKJJT^TSo tft«R. 

1 2 iebs 2 o <o±t*©iE«.« 2 o tm%.® 

EWUbfcR utAu fcfc^ttlUHJB©'^ FBS2 1 
*, «Hl 2*ttbT, m««o*iBaJ:»)«.l£^iB 

are, 2 ^m<D^WT«i-So /<? k«I2 i a P M 

iO l\ FWI2 1 tt» E«@2 0 J:D fc»W**< b 
J:0t**< U»5ft«, **»§«©* 3 ft 1/-1T* 
-spy 7^ y>f?Z<DZ®mz?Z£#fc s ZtcjEm® 

[0 0 5 8] «±<Dot9te:LT, &*®2 2 tiE««i2 

o^*^bfc , yi- /N ^weSB^iML, ^-f-V* 

2*1 OOfimaTFKi^-rSCtKcfcoT, b— ^* 

[0 0 5 9] S«»FB^ JJfJgM!l*X*^7LT, 
ij «y ^'7. b 5-f ytSBttSfl-e^-tttKBi L ^ ^ f,a 
ffi|C*am5 0 0MmO««B*ff«-r*. 

StlffilcS iO^Ti O,±0ft*««**««*»* 
50 KLTb— if^'y^ffSo 



(10) 
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[0 0 6 o] g&fc, toi/-**??*?*-*' v 
•J («gkfc-hs/yf t-t-F-> 
y^tcswu *ft*n©«s*a««fc9ft*7'<'*- 

2 8T#>rf >^TS. ft*?**-* >^ 

coffigti, 0 2 * 5 £ 'J y h 7 ^ 7©fififr 

illicit), yyJWCWRWft^^ 

5nmOa«B8»W«B*nft. ft**fffl©»'-** 10 

nmX<( H*K S i * 1 x 1 0 /cm/-7 
U £ 6>IC pllfttf'f K19 KU g« 1 X 1 0 /cm 
K-^bfcU-lftfffctt*^ HfflmM«a^5% 

[006 1] [ftMN 2] H»J 1 fcfct^T, nW3t* 

1 x 1 o" /cm 3 F-7bftG aN£0. 2,im<DlIJS 

t c 3, umij i i: '5 immvft&tt?* if * 

[0 0 6 2] [HSWW3] HfiSffll l fc43V>T* pffl/e* 
FJB9«««rtC, *ttfo#*£Cp2Mg*»EU M 
g^lxloVc. K-AfeGaN%0. 2,im(D 

[0 0 6 3] Httt«!4] jOI«llC*^T» n«*5 
•y F«5fiK§B#fc. S i * 1 x 1 0" /cm F-7bft 
nSJA 10.20G aO.80N±9ft?>A]I£2 0*>?7.h 
D-A^ 7>F-yoGaNJ:D*SB»*20*> 30 
?Xhn-Aj£ft2-e-c\ C<0^7*1 2 5H]fi!cft£ 

HgffilJSO. 5/im (5 0 0 0*>^Xha-A) © 
jffll£?llliftJ:*>ft*n«ll*9'y FJ15*Jttretf*«M* 

t>fi<ftoft. 

[0 0 6 4] £ffi0J 1 KfcV^T, pM*7 

•y Fjf 1 OfiKfiBtlC Mg^ixio" /cm J F~7b 
fcpSA 10.20Ga0.80N<fc9ft5AJf£2 0*>^*X 
ha-Ail, 7>F-y©GaNJ:»)ft5BJi*20* 40 
y^*hn-.L$fi£tfT, £©^7£l 2 5[e]$fi£ 
tHRVO. 5 pm (5 0OO*vWha-W © 
jS&?H§>§<fcOfti>p<I^'y FBI 0*i«fi**Sfi!l 

s^M'j i £ raaK bx tcz. nm 

ftkfi<ftoft„ 
[00 6 5] [Hfi£0>j 6 ] £fitffi 1 fc 431/>T, n d * 7 
•y F®5fiKSB#K, S i £ 1 X 1 O" /cm 3 F-7bft 
nSJA 10.20G a0.80N£ Dft3 Al£ 2 0 1- 
u-ht. 7>F-y©GaNJ:»)**BJi*2 0*y 50 
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yxho-AfiScfiS-ttT, ;KD^7fcl 2 5l§]j£fi2 
-B\ *&§IJP0. 5pm (5 0 0 0*^*^-20 © 
fi»?fll5fi«fc>3* ; 5nll8i'5vFJB5%**«*» * 
ft. pffi!]^7-yF«l Ofi&fiBfK, MgSrlxlO / 
cm' F-^bfepSA 10.20G a0.80N<fc 9ft* A«£ 
2 0*^*Xbn-2*i:, 7yh'-7*OGaNJ;DS5 
BH*2 0*y?*Fn-i»jSSS-&T, £©^7£ 1 
2 5B*««*» ttHWO. 5pm(5 0 0 0*>7X 
ha-20 ©fflmHfckBftSnfg^vKJil 0* 

jWttTU ft-afc- „ lt . 

[0 0 6 6] [£ftfll7] gftftl 1 fc *3V^T, nil^7 
<y FJB 5 J*««tfc* Si^ixl0"/c» F-7bft 
GaNJ:»)4*BJi*20*>^l>o-^^ 7>K 
-7©A 10.20G a0.80N£9ft5Ag%2 O*^* 
Fo-i»jSfiS#T* £©^7£l 2 5 0f«fi*^ » . 
SUfO. 5 pm (50 00*>^bO-lO ©Sf&? 
D ft * n 5 v KJi 5 S ft, P « 

,7v>y FB 1 O&mK. Mg* 1 x 1 0 /cm F- 
ybftGaNJ;Dft5BS^2 0*yyxha-i,i:, 
7 yY-Zf(Ok 10.20G a0.80N*0ft ; 5A®^2O^ 
y^XhD-i,^S^-liT, il<D^7^1 2 50^52 
ISHUVO. 5/im (SOOO^XbD-i) © 
fitt?«BSJ:t)ft*pfflI^7y F»l 0*l«S**Sfi& 

^tS<ftoft 0 

V^o b*>bft^5,, jSttltnS^M 

m 7>F-^©Sft^ i i £ #^S*^?.i:i:^J;0, 
7y F-y«^^K5^^©® T '^«^ 5 * 5 r * m 

i:%;t£n*o JtOfcfeU-WfO^^ftiHSftftft 

THi7> F-y«©SS[^S< ft*ft*tBBffl*fi"F 
[0 0 6 8] 433. *Wffl»T?ttU-'f5R : f CO^TBli 

Lft # > *m&mitm*wwm?<o&™mB: < -r 
sfcft©«»©-pa55fc«), u— tr#?/£tt?i4ft<. l 

ED, SJtt*^, S<k»*#i*r'UXT?»ntfH© 
X o ft t> ©ftt*t]SfflolH6T*S5c 



[0 1 ] ^fg^O-HtttWKiftSSftflJ^iW**?©* 
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